Robert Broom was born on 30 November 1866 at 66 Back Sneddon Street, Paisley. He was the third child of John Broom and his wife, Agnes Hunter Shearer. The family of Broom is supposed to have originated from a John Broom who came to Scotland in Cromwell's army in 1650 and settled near Linlithgow, the family remaining in East Stirlingshire until, in about 1820, Broom's grandfathe: settled in Glasgow, and married Ann Hunter of Highland ancestry. They had two sons, James, an engraver and lithographer who died young of consumption, and John, who was a designer for calico prints and Paisley shawls. When fashion changed and such work became impossible John went into commerce, eventually settling at Burnbridge near Linlithgow, half-way between Edinburgh and Glasgow. John Broom was a cultured man with a wide knowledge of English literature and of painting.
work difficult, as he made no notes. The student said: 'No, no-it's most interesting-it's just what I want', and ultimately gained a prize in the examina tion; this was Broom, then said by Bower to be the most able student he ever taught. The other great teacher was John Cleland, Professor of Anatomy. From him Broom first learnt comparative anatomy, and an admiration for Richard Owen and Kitchen Parker, reading also the work of Cope and Marsh.
Broom qualified in 1889 as M.B. and C.M., having previously taken a B.Sc. in 1887. He then became obstetrician to the Glasgow Maternity Hospital, but, afraid of phthisis, determined to go to Australia, 'the possibility of working on monotremes and marsupials being an additional inducement'. In 1892 he went to Australia, marrying there in 1893, and for four years practised medicine in country towns of Queensland and New South Wales, employing his ample leisure in work on the anatomy of marsupials. This work was recorded in a series of papers, sent in by an unknown man in the bush to the Linnean Society of New South Wales, which were referred to Professor J. T. Wilson who told the present writer how excited he was to see new work coming from such a place. When a paper by the same man on the organ of Jacobson in Echidna came to hand Wilson seized the first opportunity of meeting Broom, and introduced him to his associates, J. P. Hill, G. Elliot Smith and C. J. Martin, all of whom remained Broom's friends for life.
In 1896 Broom returned to Scotland to visit his old father, and there met Sir William Turner and Johnstone Symmington of Belfast, who had himself worked on Jacobson's organ. He visited London and there saw Howes, Henry Woodward and Smith Woodward, and made his first personal acquaintance with Karroo fossil reptiles. Broom recognized that these should throw more, and more direct, light on the 'origin of mammals' than the embryological work he had been doing in Australia, and he decided to go to South Africa to work upon them.
He arrived in January 1897, and seeing little in Cape Town went to Port Nolloth in Little Namaqualand. There he set up in practice as a medical man, and subsequently moved to Garies. He had a very small possible clientele, largely Dutch-speaking farmers, and he naturally did not speak 'der Taal'. None the less eighteen months later he had saved a 'few hundred pounds' and made great collections of golden moles and elephant shrews, and lizard embryos, of which he subsequently made good use.
He then returned to Scotland, and to South Africa again in December 1898, setting up in practice in Port Elizabeth in 1899. Here there are no fossil reptiles, and at a considerable financial sacrifice Broom moved to Pearston in a fossiliferous but poor locality. Here he first collected Karroo fossils, finding several important things which he described immediately. Broom's practice now rapidly grew, but he found that the practice of medicine interfered with palaeontology, and in 1903 accepted the Professorship of Zoology and Geology in Stellenbosch, at half his former income. Here he stayed for nearly seven years teaching two subjects with practically no assistance. He was a brilliant lecturer, and attracted large classes, in 1909 having seventy-six junior, twenty senior and half a dozen 38 Obituary Notices honours students in what was then a very small college, devoted largely to theology. There is no doubt that he made an immense impression on his students; several men established in the Church, or in some other affairs, have told me how vividly, after some twenty years, they could recall the lectures he gave on evolution, including that of man. During this period Broom spent all his vacations collecting in the Karroo, giving many specimens to the South African Museum, Cape Town, which had appointed him curator of fossil reptiles, and he published eighty scientific papers, despite the fact that during term he delivered 'never less than three and sometimes six lectures a day'. At this time the Government Railways gave Broom a free pass so that he could travel on his collecting expeditions, but after a change of Government in 1909 he was told that the Government was not interested in fossils and saw no reason why Dr Broom should have the privilege of free transportation. Broom in dudgeon immediately retired from his chair and from the museum, neither of which was a Government institution. He visited London to examine the Karroo materials in the British Museum, and there first met Professor H. F. Osborn, who invited him to visit New York. Broom then spent one week in the American Museum, working there both day and night on the Permian vertebrates of Texas. On his return to South Africa he wrote a paper about them which revolutionized our knowledge of their structure and relationships, and laid the foundation on which reptilian classifica tion has since been based. He settled in Springs on the East Rand, and there the present writer first met him. He had then been some three months in the town, was medical officer to two gold mines, president of the chess and revolver clubs, and mayor of the town.
By this time Broom had raised great interest in fossils amongst the farmers of the Karroo, and had trained several men to hunt for them; of these the most successful was the Rev. J. H. Whaits of Beaufort West. Through his own fossil hunts and the collecting of Mr Whaits and others Broom very soon built up a large and very important private collection, which he sold to the American Museum of Natural History in New York in 1913. Broom took the collection to America and spent some seven months in the Museum directing its prepara tion and installation.
Broom returned to London at the beginning of 1914 with the intention of increasing his knowledge of surgery. When war broke out he was working in the Ear, Nose and Throat Hospital, and as members of that staff joined the services Broom came to do many operations there, combining this work with a good deal of palaeontology. In 1915 he joined the R.A.M.C. and remained in it for a year, although as his age was forty-eight he was not allowed to serve abroad. He therefore retired and returned to South Africa, eventually settling in practice at Douglas in the Transvaal. Here he was in a country which did not contain fossil reptiles, so Broom turned his attention to anthropology, primarily to the consideration of the interrelationships of the men who lived in South Africa before the incoming of Whites and Kaffirs.
In 1928 Broom became badly affected with asthma, sold his practice at Douglas, and visited England and the United States. Having found out that egg albumen was the cause of his asthma he was free from that trouble and returned to South Africa and, with support from the Carnegie Trust, spent about a year writing a book on the South African mammal-like reptiles. From this time to 1934 Broom practised medicine at a number of places in South Africa, ending at Maquassi. In 1931 he came to England as a South African delegate to the Centenary meeting of the British Association. In 1934 General Smuts and Mr J. H. Hofmeyer, both of whom had long known and admired Broom, felt that it was improper that at the age of sixtyeight the most distinguished scientific man in the country should be making a rather poor living in medical practice, when clearly he should be using his exceptional gifts in active scientific work, whilst he was still able to do so. Thus, eight years after the normal age of retirement, Broom was appointed Curator of Fossil Vertebrates and Anthropology in the Transvaal Museum. Within two years Broom had enormously increased the size and representative character of the collection of fossil reptiles, very largely by specimens he had himself collected, and in this time he described twenty-six new genera and forty-six new species from it! As he records: 'I then thought it would be worth while to hunt for an adult specimen of the Taungs ape. There are many limestone caves in the Transvaal, but no one had ever thought it worth while to study the Pleistocene mammals. I knew if I did not succeed in getting an adult Taungs ape I would be sure to find many new Pleistocene mammals and I might get the remains of primitive man. It was a really exciting adventure. Within a few weeks I had discovered nearly a dozen Pleistocene mammals including a giant baboon. Two students of Professor Dart had heard of my finds and came over to Pretoria to see me. They told me of some caves at Sterkfontein near Krugersdorp where small fossil baboon skulls had been found, and as I was much interested they arranged to take me over on the Sunday following their visit. At the caves we found Mr Barlow in charge. He had worked at Taungs and knew about the Taungs ape. 1 asked him if he had ever seen anything like it at Sterkfontein and he seemed to think something like it had been seen. As the lime was blasted and burnt no great care had been taken to hunt for fossils. I asked him to keep a sharp look-out which he promised to do. I was again at Sterkfontein on Wednes day when Mr Barlow gave me three little baboon heads that had been blasted out and the greater part of a sabre-tooth tiger skull. The following Monday saw me at Sterkfontein when M r Barlow gave me the brain cast of an Anthropoid. The search in the debris resulted on the following day in the discovery of much of the skull with beautiful teeth. When cleaned up it was manifestly an anthro poid skull allied to that of Taungs, but an adult. Dubois went to Java to look for a missing link and found Pithecanthropus after some years. I went to look for a missing link and found one within a few weeks. It may have been an accident, but it is rather strange that the skull should have been blasted out within a week of my going to Sterkfontein, and a most careful hunt for two years did not yield another but only odd bones and teeth.' This discovery was made on 17 August 1936 and an account of it was published at once. The importance of the discovery was immediately evident, and Broom continued to collect in Sterkfontein and in other caves for the rest of his life. In 1937 he was invited to attend a conference in Philadelphia on Primitive Man, and stayed in the U.S.A. for two months, giving lectures in many universities as far west as California. In 1938 Broom was back in South Africa and discovered the Kromdraai skull, at a point some two miles away from his original locality at Sterkfontein.
Up to this time Broom had not only collected these man-ape bones with his own hands but had himself done the whole laborious and difficult work of preparation. But shortly before the war the Museum gave him an assistant and a preparator. After the outbreak of war these men joined the armed forces and were on service in North Africa, and their absence and other conditions made it impossible to do further collecting at the caves. But a great accumulation of unworked cave matrix was in Pretoria, and Broom worked on that.
Meanwhile, Broom's old interest in fossil reptiles continued unabated. He had recently interested Mr S. H. Rubidge of Graaf Reinet, whose grandfather had collected some fossil reptiles described by Owen, in such things, and found in him the most enthusiastic and successful collector South Africa has ever known, except for Broom himself. Mr Rubidge's magnificent private collection, made not only by his own activities but by paid collectors, gave Broom access to immense new materials, well prepared, and containing very many new animals belonging to groups either previously unknown or unrecognized, and many of these are of great systematic importance. From this one collection Broom actually described nearly a hundred species in ten years.
In 1946 General Smuts called Broom to tell him that he 'regarded it as a matter of the utmost importance, not only for the extension of world knowledge but for South African science, that Broom should continue researches at the caves for more specimens in the endeavour to solve the problem of the Origin of Man', and promised that whatever funds were required would be provided by the Government.
In January 1947 Broom attended a meeting called to discuss African pre history in Nairobi, spending some weeks in Kenya and there seeing something of the Pleistocene faunas in East Africa.
At this time Broom became involved in a quarrel with the Historical Monu ments Commission, which had earlier proclaimed the caves from which Broom had obtained his ape-men as National Monuments not to be touched without an official permit. Broom was told that he would only receive such a permit on conditions which he regarded as insulting, and refused it. None the less he started work at Kromdraai and moved to Sterkfontein. Here, after further quarrels with authority, he continued work, finding a complete uncrushed skull of an adult man-ape, and, subsequently, still in 1947, other skulls and a pelvis.
Work in the caves continued through 1948, but in 1949 the Geological Society of London awarded Broom the Wollaston Medal, and hoped that he would receive it in person. At that time it was impossible to'get a passage to England, but Broom was given one on an American ship to Boston, where he arrived on 26 March 1949. From here he visited New York, Chicago, San Francisco, Omaha, Lincoln, Neb., Austin and Houston, Tex., New York, Virginia, New York, Philadelphia, Washington, New York. And at each of these places he gave at least one public lecture to a large audience. He flew to London, arriving at the air-port two hours before receiving his medal from the Geological Society on 27 April. During the next few days he gave twelve lectures in England, Scotland and Holland, and at the beginning of June he flew back to South Africa. This record of activity by a man aged eighty-three seems to me so extraordinary that it is worthy of record.
Soon after his return Broom redeveloped asthma and was very ill for two months, gradually recovering during the rest of the year. But during this period he wrote a monograph on the recent Plesianthropus finds, and a small popular book, Finding the missing l i n k , which gives details of Broom's cav During 1950 Broom continued his work, publishing many notes on new discoveries of Australopithecines and retaining his grip of the problems of man's origin, but he gradually became less physically active, although his hand writing showed no recognizable change. He died on 6 April 1951, having discussed fossil teeth with his assistant one or two days before.
Broom married in November 1893 Mary Braid Baillie, whom he had known as a child. Mrs Broom has been a perfect wife, who bore uncomplainingly the hardships resulting from the precariousness and constant changes of domicile of Broom's early years, and indeed made it possible for him to do the immense amount of scientific work he produced. They had only adopted children who, with Mrs Broom, still live.
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S cientific W ork
A bibliography of his published scientific work up to June 1947 was compiled by Broom himself and published in the Robert Broom Commemorative volume of the Royal Society of South Africa, 1948, pp. 243-256 ; it is at least very nearly complete.
The list begins with a note in the Proceedings of the Royal Society of Edinburgh 'on the volume of mixed liquids', published when Broom was less than nineteen years old, but the first year of real scientific activity was 1895, ten years later, when there appeared twelve papers exhibiting the beginnings of interests in subjects which continued in Broom's mind for the rest of his life.
A paper on the significance of the proliferated epithelium in the foetal marsupial jaw is the first of a series on tooth replacement, which included the remarkable discovery of a mammal-like tooth replacement of milk molars by premolars and the existence of molars without predecessors in Diademodon.
A paper on the homology of the palatine process of the mammalian pre maxilla leads on to the great vomer-prevomer controversy, and is associated with the first paper which brought Broom to notice, that on the organ of Jacobson in the Monotremata. Two others on small Pleistocene marsupials from a cave bone breccia are the first signs of an interest in palaeontology, and in taxonomy in the restricted form of the recognition of specific differences.
1897 brings Broom's first paper on a South African fossil and the intro duction, following Bland Sutton, of the idea that the reptilian vomer is not the same bone as that of the mammal, but should be called the prevomer, and the claim that one of Seeley's Gomphognathus skulls in the British Museum shows an obvious mammalian vomer, and what Broom mistakenly claimed to be prevomers (the bones in question are actually palatal processes of the pre maxilla). This paper was one of the first ever to use fossil material deliberately in the solution of a morphological problem which had arisen from studies of still living animals; as such it is a great landmark in method.
In the same year Broom, studying the Jacobson's organ in an armadillo, found a 'nasal floor bone' which is the septo-maxilla, then first found in a mammal and now known as an almost universal part of the skull of tetrapods, and traced back to its origin in fish. And in the same year Broom showed that in a foetal marsupial the cartilaginous coracoid process of the shoulder girdle reaches and articulates with the sternum, and thus provided a necessary basis for later work on the interpretation of the homologies of the bones of the shoulder girdle in reptiles, birds and mammals.
Fossil reptiles
The eleven papers of the next three years add no new interests, but in 1901 there is a paper on the structure and affinities of Udenodon, of great importance for it contains the first essentially complete account of the skeleton of any mammal-like reptile, the skull, vertebral column, ribs, limb girdles and complete fore and hind legs and feet being described and illustrated. Next year Broom showed that most udenodons are merely female specimens of , the oldest recognizable case of a secondary sex character.
By the end of 1905 Broom had published forty-eight papers on South African fossil reptiles. In these he had recognized that the comparatively well known Pareiasaurus and Procolophon had no relationship to the mammal-like reptiles, and had indeed suggested that all reptiles could be separated into two groups, essentially the mammal-like forms and the rest, by their possession of one or other of two groups of qualities. This view was accepted, extended and provided with group names by Osborn, but neither Broom nor Osborn was justified in his choice of the reptiles to be allotted to one or other side, nor in the choice of diagnostic qualities.
Broom's work during this period first provided an intelligible account of the actual structure of the South African mammal-like reptiles, giving us precise knowledge of the skull and of its characteristically mammalian features, of the lower jaw and its approach to a mammalian condition, of the atlas and axis, and of the limb girdles, limbs and feet, regions already known to show many resemb lances to those of monotremes. In fact by 1905 Broom had made it evident that the reptilian ancestor of the mammals must have lain within this group.
But Broom had gone further, he had made a classification of these reptiles into the groups (orders) Deinocephalia, Therocephalia, Anomodontia and Cynodontia. Of these the Deinocephalia was the most primitive, the Thero cephalia with their primitive palate included the ancestors of the Cynodontia with their mammal-like secondary palate, whilst the Anomodontia included not only Dicynodon with its aquatic derivative , but also the endothiodons, all derived not remotely from 'Therocephalia'.
By this time Broom had recognized that in certain lizards the quadrate, which in adults is not connected with the epipterygoid and the relic of the palatoquadrate cartilage, was in late embryos still so connected, and went on to claim that this implied the derivation of the lizards from some form not unlike Sphenodon. In 1903 he described, as Paliguana, a small skull found with Procolophon as a true but very primitive lizard, showing the truth of this conclusion, which in rough outline is now universally accepted.
In 1904 Broom described a 'crocodile', Notochampsa, from the uppermost beds of the Karroo series; and it is only within the last few years that it has become known that the two specimens he described, and an American form, are indeed very primitive crocodiles of Upper Triassic age, long antedating the next appearance in the Upper Lias of that group of reptiles.
In the period [1906] [1907] [1908] [1909] Broom published some forty papers, the majority on fossils, some few of minor interest on embryological matters. These included the skulls of Bauria and many of its relatives, the strange rhynchocephalian Hozvesia, Erythrosuchus, whose unrecognized ancestor Proterosuchus he had earlier described, the important labyrinthodont genus Rhinesuchus, the skeletons of the Dromosauria, the Bekkerskraal fish, and many others. These descriptions are pure exercises in morphology, there is in them little attempt to arrange the individual animals in order of time of appearance into series showing a transition from one to another form, which is the characteristic method of palaeontology. But at this time so little was known of the actual structure of most Karroo reptiles that the important morphological characters of the larger groups themselves were generally known from one or two individuals only, and there was thus no possibility of establishing lines of descent within the 'orders'. Nor were the ages of the individual species known. Andrew Geddes Bain, the discoverer of D i c y n o d o n, had established the Karroo System and divided it into the Ecca, Dwyka, Beaufort and Stormberg series in 1846. Seeley in 1892 had recognized that 'Pareiasaurus' came from a lower horizon than that of m the Karroo fossils described by Owen, and that the cynodonts came from still more recent rocks though below the Stormberg series. But Broom, travelling all over the Karroo to visit collections and to collect himself, realized, in that country of nearly flat bedding, sparse faults, a high relief and scanty vegetation, that it was in general easy to see that any particular fossil came from a higher horizon than some other one and so to recognize that certain areas, that round Burghersdorp and Aliwal North, for example, were in general occupied by rocks which contained essentially the same fossil fauna.
Thus Broom by 1911 had devised the series of the , Endothiodon,
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Cisticephalus, Lystrosaurus, Procolophon and Cynognathus zones which are now known to be usable in Rhodesia, Nyasa and Tanganyika, in Russia and Scotland, in Sinkiang and in Shansi in China itself.
Broom never published any account of the stratigraphical basis for these zones, but he took much trouble to determine the actual locality from which the type specimens of South African fossils had come and in 1909 attempted to refer each to its proper horizon. Broom never made any further subdivision of these zones, and it is a remarkable fact that no South African geologist has ever attempted to do so. Nor have the numerous European and American collecting expeditions done so. It is, however, obvious that the Endothiodon, Cisticephalus and Cynognathus zones can be subdivided, and Broom, with his immense detailed knowledge of localities and specimens, could clearly have done so without difficulty. But he did not.
By 1910 Broom's work had revolutionized our knowledge of Karroo reptiles, and in that these reptiles cover a great series of separate reptile stocks during their most vital period from the Upper Permian to the Lower Trias when the evolution of the group was in full swing, the revolution extended to reptiles in general. At this time Broom came to London and by great good fortune there met H. F. Osborn, who invited him to go to New York as his guest. Thus Broom spent a week in the American Museum studying the Permian reptiles of Texas. As a result of the observations and drawings made during that week Broom published a paper, 'A comparison of the Permian reptiles of North America with those of South Africa' {Bull. Amer. Mus. Nat. Hist. 1910, pp. 197-234) , which is perhaps the most important individual contribution ever made to our understanding of reptile affinities. In this work Broom gave the first really intelligible account of the structure of several Karroo reptiles, and the first accurate interpretation of the structure of many of the Texan forms, and by a comparison of one group with the other established once for all an understanding of the qualities and limits of the mammal-like reptiles. Anyone who wishes assurance of the stature of Broom as a student of reptiles need only compare this paper of 1910 with the account (which was rather in advance of its time) of the same animals in Smith Woodward's Vertebrate Palaeontology of 1900. The difference is entirely the work of Broom.
Broom's work on reptiles continued to his death and it is impossible to discuss it all, but some of the more important papers are referred to here. In 1910 and subsequently Broom described and discussed the famous 'earliest mammal' Tritylodon. He first showed that it came from the Red Beds at the summit of the Karroo system, and gave the first correct account of its structure, though his interpretation of its affinities was incorrect. In 1912 Broom showed that the Cynodontia lived on into the Cave Sandstone at the summit of the Karroo system. In 1913 he described the pseudosuchian Euparkeria, claiming it as a bird ancestor, and gave the first nearly complete account of a gorgonopsian, establishing that order, and in the same year he gave the first correct account of the external structure of the skulls of the Texan Permian labyrinthodonts Eryops and Trimerorhachis. In 1914 he gave the first description of the skull of the multituberculate mammal
P o l y m a s t o d o n, published his Croonia on '
The origin of mammals', which is full of new facts about Karroo reptiles, and founded the order Eosuchia for Youngina, the first two arched reptile of Permian age to be found.
At this point the war and his private circumstances prevented Broom from further active work on fossil reptiles, but in 1923 he gave us the first adequate account of the structure of the Titanosuchia, the carnivorous Deinocephalia. In 1926 came a nearly complete eosuchid skeleton, in 1927 an entirely new type of mammal-like reptile, Anningia, and the probably mistaken recognition of the important thecodont, Sphenosuchus, as an ancestral crocodile. In 1929 there is a description of two remarkable specimens from the Cave Sandstone as ictidosaurians A & B, which showed that these were the most mammal-like reptiles known, and threw more light on the actual point of origin of the mammals. In 1930 the Royal Society published a well illustrated monograph of the Gorgonopsia, and in 1932 Broom surveyed all the South African mammal like reptiles in a separately published book.
From this time onward to the end of his life Broom produced a steady stream of papers describing new species, new genera, families and orders of reptiles from the Karroo. Most of these accounts are in effect statements of the basis of recognition of the species and higher groups, with one or more figures, but they include many very remarkable animals. There is, for example, a series of animals showing the first beginnings of the appearance of a mammal-like secondary palate which seems to lead up to the cynodonts, there are many of the remarkable whaitsiids, there are several very small therocephalians and immense gorgonopsids, and a description of the skeleton of the early procynodont Leavachia. But there is a separate account of the very remarkable and important reptile Millerina whose skull, only about an inch in length, was very accurately described, other allied forms being subsequently added to the group based on it. Similarly O w e n e t t a, an apparent ancestor of had a separate publication.
Broom, in his personal record, says that he has described between 550 and 560 species of vertebrates, and thinks that the probable number of these which are bad is 2 or 3 per cent. Of these species probably at least half are anomodonts, most of them forms which would once have been called Dicynodon. They have been grouped into a number of genera, but the course of evolution within the group is entirely unknown. They are important in that the group is incomparably the most abundant of all Karroo fossils, and the detailed subdivision of the Beaufort series will ultimately have to be based on it. Broom's type specimens could only be used for this purpose if their exact place of discovery had been recorded, and a detailed stratigraphy and map of the areas from which they came drawn up. It is perhaps not too late to discover and record the site from which they came, though it would be time-consuming and expensive. If it cannot be done then the next generation of South African palaeontologists will be faced with the problem of collecting very many accurately localized fossils and determining them, which in the case of the anomodonts isnot easy.
It is thus difficult to understand why Broom should have felt it worth while to describe these forms. In part it seems to have been based on the feeling that a collector wishes to have his material described, and may cease to collect if it be not promptly dealt with, and thus fail to find the much rarer fossils which are of the greatest interest. In part it seems to have rested on a feeling of Broom's that he had it as a duty to describe every new animal he encountered. And in part it was an exhibition of the collector's instinct so strongly developed in Broom, which made him collect new species, as the Red Indian once collected scalps.
Broom's work on fossil reptiles may be summarized thus: the Karroo has yielded incomparably the greatest series of fossil reptiles and amphibia of Upper Permian and Lower Triassic age known, a total of some 500 species against perhaps fifty in the rest of the world. During this period the great deployment of the reptiles took place, and the mammal-like reptiles changed their character from a stage only a little less primitive than that of a Pelycosaur to one which is scarcely distinguishable from a mammal. The other reptiles split up to produce the Mesozoic reptilian stocks and ultimately the birds. When Broom began to work upon the Karroo reptiles there existed the mid-nineteenth-century work of Owen, accurate but very difficult to interpret, and later work from which it was impossible to discover the actual structure of the skull of any form. In ten years he made known the essential characters of the Karroo mammal-like reptiles and showed that the group had been derived from the Pelycosauria, at that time believed to be of quite other relationship, and that it could no longer be doubted that the mammals actually arose from this group of reptiles. And he went on to elucidate the structure, relationships and origin of the two arched reptiles and their derivatives, the lizards and the birds. In the process he has made known immensely more reptiles than any one else has done. It is ultimately on Broom's work that the whole classification of reptiles will rest.
Fossil mammals
In 1895 Broom found a Pleistocene bone-breccia in a cave in New South Wales from which he described some extinct marsupial jaws. In 1909 he called an extinct horse found near Cape Town Equus capensis, in 1925 described an extinct giant pig, and in 1934 appeared the first of many papers on the fossil mammals associated with the australopithecine remains.
The remains of australopithecines, the man-apes, from South Africa have all been found in cave deposits, which are in general irregular heaps of bones, stones, blown dust, blocks fallen from the roof cemented together by calcium carbonate, without any visible stratification, whose relative ages can only be determined from the fauna each contains, and even so ultimately only by the discovery of these faunas in stratified deposits in caves or otherwise. It is evident that the faunas of these caves, many of which lie high above the floors of the valleys into which they open, will be an unusual one, some kinds of animals being absent because of their inability to get there, others very abundant because the cave is their natural habitat.
Thus Broom was driven into the determination and description of these mammals. He did so very characteristically by describing every new species of which apparently adequate materials came into his hands. It is extremely likely that all these species are new, for Broom had an immense power of recognizing differences of specific rank. He thus described several species of baboons, rodents, hyracoids, and carnivores, some of which at least were peculiar to definite localities in such a manner as to suggest that the deposits containing the man-apes covered a considerable period of time; indeed he claimed that some of the carnivores belonged to genera of Pliocene age, and that the earlier man-apes may have lived in Lower Pliocene times.
But all this work is extremely difficult to read, and is not well designed for its real purpose of discrimination of the ages of deposits. It gives very little indication of the real nature and weighting of the faunas, indeed it is impossible to extract from the published work any idea of the nature of the caves and their contained deposits, and of the individual faunal assemblages. Even the im portant fact that two species of Equus occur in Kromdraai, showing that this site is clearly Pleistocene, only appears in the report of a lecture ( . Geol. Soc. no. 1451, 2 June 1949, p. 81). All Broom's work on mammals has thus a purely ancillary function, and although no doubt accurate so far as it goes does not constitute an important contribution to our knowledge of mammalian history.
Anthropology
The discovery of an apparently ancient human skull at Boskop in the Transvaal in 1913 interested Broom in the problem of human races and especially in those which had occupied South Africa before the incoming of Kaffirs and Whites.
Broom's problem was that the early European colonists of South Africa had recognized two distinct 'yellow skinned' races, the Bushmen and the Hottentots, and that 'no one knew what was a Bushman and what a Hottentot'. Broom made a large collection of skulls, and met many so-called Bushmen, and finally recognized a race, the 'Korana', represented in the main by skulls found near Douglas, which he held to be an important inde pendent unit. Broom regarded the Hottentots as a cross between the Bushmen and the 'Korana', the latter being themselves composite, including an australoid element.
The Boskop skull he described as a new species, an extraordinary claim without any justification. Subsequently he suggested that the Boskop type is the direct ancestor of the more or less degenerate Bushman of modern times. Finally, in 1943, Broom, presumably impressed by the small eyebrow ridges of the australopithecines, suggested that Neanderthal man was derived from Homo sapiens (i.e. a type with small eyebrow ridges). Broom's work on human races has never been completely accepted by any one, but it served to clarify and to define the problems of South African anthropology and led to the development of that study in three places in the country.
The origin of man
The first announcement of the discovery of the 'Taungs ape' by Professor Dart was made in February 1925. Broom immediately examined the specimen and in two short notes accepted D art's conclusion that it lay near to, if not in, the human ancestral line. Broom published various notes on D art's skull in 1929, 1930, 1934 , but only in 1936 did he begin to look for further specimens. It is most probable that this delay occurred because Broom was unwilling to seem to trespass on D art's field.
But his entry into the field of cave hunting in 1936 was followed immediately by the discovery of the first complete adult skull of , at first referred to Dart's original genus Australopithecus. 'Phis was the subject of two letters to Nature in 1936, and of a contribution to a symposium in Philadelphia in 1937, subsequent discoveries being dealt with in a large number of short notes, largely letters to N a t u r e, until a special volume containing d descriptions of all the materials from Sterkfontein and Kromdraai was published by the Transvaal Museum in 1946. This was the first time at which it was possible to consider the problems raised by these apes on the basis of an adequate knowledge not only of their structure, but of the surrounding circumstances. Meanwhile a great literature, very little of it founded, like Gregory and Heilman's important discussion of the dentition, on a personal acquaintance with the material, had come into existence.
By this time Broom had shown: That there existed, at many points along the escarpment of the Transvaal Dolomite, caves which contained bones in large numbers, thus substantiating a suggestion made by Hatch and Corstorphine in 1905, who then actually referred to Sterkfontein. jg> That the bones so found represented a very peculiar fauna, naturally rich in baboons and dassies, but with many rodents and carnivores of all kinds, sabre tooth cats, hyaenas and jackals, bones of other animals having been introduced as food. Many of these are specifically distinct from those still living in the district, and some of the carnivores belong to genera elsewhere known in rocks of Pliocene age. Each cave has yielded a fauna containing mammals peculiar to it, suggesting a wide range of time of infilling.
That some, but not all the caves examined, yielded the remains of australopithecines, sometimes in such relatively large numbers as to suggest that they actually lived in or at least constantly hunted in the caves.
That although many of the animals whose remains are found in the caves are no longer living, the general character of the fauna is such as to suggest that the climatic conditions under which they lived, and hence the general character of the vegetation, cannot have differed greatly from that now found in the district surrounding the caves. Hence there is no possibility that the australopithecines lived as do the surviving great apes in relatively dense tropical forests. That, as Dart had shown to be the case in the milk dentition, the adult teeth of the australopithecines and the dentition as a whole resemble those of man, and differ from those of both extinct and still living giant apes, exactly as do those of such early men as Pithecanthropus and the Pekin skulls.
That though the skull of the Kromdraai form, with its small brain case and very large face, inevitably recalls that of a modern giant ape, none the less in its much smaller prognathism, and in many other qualities it resembles man rather than the ape.
That the position of the foramen magnum and the build of the occipital surface suggest that the australopithecines carried their head erect on a vertical neck as a man does, and not as in the giant apes.
That the pose of the head so inferred is only consistent with a bipedal habit, and an erect body and neck as in man.
That the few known, generally fragmentary, bones of the australopithecine limbs suggest that these animals were of human proportions, the hand being less and the foot a little more mobile than it is in man.
That the size of the australopithecine brain as inferred from natural endocranial casts was in the range of that of the living great apes, and well below that of any human type.
That no human artifacts occurred in the bone-bearing deposits which con tained australopithecines.
From these facts Broom concluded that the australopithecines were an independent stock of anthropoids which split off from that which led to the living giant apes, with their arboreal specializations and enlarged canine teeth, long ago, perhaps before the time of Dryopithecus (Middle Meiocene). This stock leaving, if its ancestors had ever occupied, a forested area became adapted to life in a more open country, thus acquiring a bipedal habit, and limbs of more nearly human than gorilla proportions. From this stock man arose, either by a relatively sudden enlargement of the brain in comparatively recent time or perhaps, and more improbably, from an earlier stage, so that for some consider able period of geological time man and the australopithecines must have occupied the country of South Africa together.
It is evident that at this time Broom's views of the details of the relationships of the various australopithecines to one another changed from time to time, and that although convinced of the close relationship of the group to man he was uncertain whether or not man had arisen from any of the known forms. This was the position in 1946. Next year he found at Sterkfontein a complete uncrushed skull of an adult Plesianthropus, and shortly afterwards a crushed pelvis from which an essentially complete and little distorted os innominatum was prepared. This bone is clearly that of an anthropoid, it differs profoundly from that of any living great ape, and in all its general characters and propor tions agrees with that of man; but it has small but perfectly definite qualities which cannot be matched in any human pelvis, it is therefore that of an austra lopithecine. And it is 'manifestly' the pelvis of a bipedal anthropoid. Thus Broom triumphantly established the truth of one of his boldest conclusions.
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Since then two other australopithecine pelvic bones have been found, in two different caves, agreeing in all points with Broom's original. Some time in 1948 Broom began to collect at a new cave, Swartkrans, soon finding good new materials. Work here continued during Broom's visit to the United States and to England, and produced an abundance of splendid new materials, including an immense lower jaw with a very much thickened ramus. Before his death Broom completed a description of these materials, which was published by the Transvaal Museum in 1952.
This work by Broom on the australopithecines is unique. I do not think any other man entering on a new field of scientific work at the age of seventy years has collected and prepared with his own hands materials which, described, illustrated and interpreted by himself, in three years time led some most able workers in this field to accept new and revolutionary views. To then suffer five years' interruption of his work by war, to return to it with renewed vigour and at the age of eighty to publish a monograph which, presenting his materials in full for the first time, led a very large number of capable men to accept his views, to know by the time he had reached the age of eighty-three that they were accepted by practically all men who had examined the matter, and to die at the age of eighty-five having revolutionized opinion throughout the world on a matter of such importance as the origin of man. This is what Broom did between 1936 and 1950 , and did at a time when he was still describing fossil reptiles as actively as ever, publishing some forty papers about them in these years.
Broom's P ersonality
All Broom's scientific work is intensely personal; in method, in outlook, in its general character and in the very form of its publication it can be recognized immediately and is unlike that of any other man. Its style is unique. Broom's work all depends on certain personal qualities. He was an extraordinarily accurate observer. This comes out in his remarkable power as a collector of Karroo fossils. Such collecting is the most difficult in the world, as Mr P. C. Miller of Chicago told the present writer after some months' experience of the Karroo at a time when he was generally recognized as the most able collector in America. Collecting on the Commonage of Beaufort West, for example, is a matter of walking over wide spreads of medium-sized rough irregular nodules, one in an immense number of which contains a reptile skull, recognizable only by general shape, and the outcrop on the surface of weathered scraps of bone. In these circumstances, under continuous sunlight, with the glitter of dustpolished surfaces everywhere round him, Broom would walk about for hours apparently entirely unaffected by heat or light. Thus he found not only fossils, but several unknown succulent plants, including a handsome Aloe Broomi.
This power of observation was carried over to the actual examination of fossils. Broom was very short sighted and constantly wore glasses. When he first looked at a fossil he viewed it at arm's length, as he does in a well-known photograph (Dart, South African J. Sci. 1951, 48, 15) . He turned it in all directions until satisfied as to its general nature. Then he pushed his glasses up on to his forehead and, bringing the specimen close to his face, to within some three inches of his nose in fact, inspected it with concentrated attention. Then he would say 'that's Dicynodon x ' and push it away, saying 'have you anything else there?' But if the specimen showed some new feature he would get out a pocket lens and study some particular point for a few minutes, explaining to you meanwhile, 'that's most interesting, it shows so and so'. But within a few minutes he had seen all he wanted, and then, or indeed for ever after, he could make a drawing of it, rough in appearance but accurate.
This power of interpreting the structure of a fossil skull still unprepared was more highly developed in Broom than in any other man. It was based on an extraordinary knowledge of reptilian skulls, an understanding of their make up so complete that Broom could at once call up in his mind the character of a section made in any direction through them, even although he had never seen such a section. Thus the exact shape of an irregular fracture through a bone was interpreted by Broom to imply a particular structure of that and neighbouring regions of the skull. It was this extraordinary understanding which enabled Broom to tell one that, 'if you prepare it you will find under the matrix such and such a structure'. Professor A. S. Romer and the present writer have both had this experience and found Broom justified.
Broom's early work on Karroo reptiles, which was the more important, was done on fossils usually unprepared in the sense that no attempt had been made to remove the matrix, but very commonly broken into pieces with a heavy hammer. Usually Broom began by trying to split the skull along the sagittal plane with a hammer and chisel, but if this failed he cracked it across transversely. The many longitudinal sections of skulls which Broom published to elucidate the nature of the basi-cranial axis, for comparison with that of mammals, were all based on such fractures, which are always difficult to interpret, and sometimes misleading. However, rough though it sounds, the method does give results which can sometimes be got in no other way, and it has been used by other men, by Save-Soderbergh for example.
It is remarkable that Broom, in his early years at any rate, could never be persuaded to use the binocular dissecting microscope which most palaeonto logists find their most necessary tool. I doubt if Broom ever did use this instru ment. As soon as he had satisfied himself about the structure of a specimen he made a drawing of it, usually with a camera lucida, and as sutures in Karroo skulls are commonly obscure and not easy to follow he inked them in, thus nearly ruining the specimen by preventing any other person from forming an unbiassed opinion. Broom's camera-lucida sketches were in pencil; he then checked them with the original by measurements and restored the whole skull by broken lines. Then he made a finished drawing with any steel pen and ink which happened to be on his work-table, on any scrap of paper. This drawing was then lettered and shaded with ink lines, and sometimes a wash or pencil shading. It was then sent in for publication. As a result Broom's figures look rough, flat and unconvincing. To some extent this was because his drawings 52 Obituary Notices could only be reproduced by half-tone, and were completely unsuitable for such treatment. But he always refused to use indian ink on a white paper, saying his drawings were quite good enough! Indeed his drawings were always extremely accurate, especially in such features as the size and spacing of teeth which were of taxonomic importance. And sometimes when he was in the mood to take the necessary trouble they were admirable representations of the objects. His blackboard drawings were very good indeed. Once he had drawn it Broom lost interest in a specimen; he sometimes wrote a description of it months later, without notes and without a re-examination. My first talks with Broom were in his consulting-room in Springs. There he told me all about the Karroo reptiles, showing me some actual specimens, but more usually making very rapid ink drawings of the skulls from memory. These I kept, and later compared with the published figures. The resemblance was exact: Broom had the most astonishing visual memory of any man I have ever known. It was not only accurate but it seemed to last all his life. These qualities made Broom a remarkable taxonomist; if he says that two skulls differ in specified ways it may be taken for certain that they do so differ; whether or not these differences depend on specific distinction of the two animals is always disputable, a matter of judgment, and Broom claimed that taxonomy demanded a sounder judgment than any other branch of zoology. Sometimes he was patently wrong, as over the Boskop skull, sometimes he seems to have exaggerated the significance of small differences, especially amongst mammals, but it is most improbable that he placed two animals in the same species without justification.
Broom's publications number more than four hundred. They are usually short, but most of them deal with more than one matter. A paper called 'A few more fossil reptiles from the Karroo' may well contain accounts of a dozen, unrelated, animals from various places, preserved in different collections, and incidentally may record morphologically important facts of general interest: and there will be no index! Even in some of the more general papers important matters of morphology may be presented, without any attempt at justification or treatment of what was often a large literature. And the morphological conclu sion might be dropped and replaced by an alternative, or even one in flat contradiction of the original view without apology or explanation. Although Broom established the zonal division of the Beaufort system he was often careless in stating the horizon, and even the locality from which fossils had come, and in his great monograph of the Karroo mammal-like reptiles very seldom says where the specimen is deposited. Thus his publications are the worst possible model for a young palaeontologist; but they were characteristic of Broom, forgivable as the work of a man of genius.
Broom was a man with a mission, indeed with several missions. He 'wanted to know' more intensely than any one else I have ever met. On my first introduc tion to him almost his first remark was, 'What do you think of the problem of -(something I have forgotten, but such a morphological matter as the mam malian presphenoid)?' I said that I knew of the problem but that I had never paid it particular attention. He immediately burst out, 'But you should-it's most interesting-it's most important-it's the most important thing in the world at present!' and then, after an interval, 'to me at any rate'. This was perfectly characteristic, the problem on which he was engaged filled his mind completely until he had made up his mind about it, and it could always be recalled in full force by the discovery of a new specimen which bore on the matter. And in the case of the young Broom the problems were real, they were morphological matters arising from the work of comparative anatomists on living animals, and the fossils threw new light upon them.
This early devotion makes it more curious that the later work should be so largely specific description of reptiles of no individual interest. I have already made some suggestions about this problem, but there is a further possibility: Broom was always extremely generous in advice to collectors. When I first began he told me exactly how to proceed, how to mark the first found fragment of a fossil, to follow down the water course in which it lay, to pick up fragments belonging to it, then to go upstream in a hunt for the specimen situ. I was to start in Burghersdorp because that was the easiest collecting. I was to have a light cart made and to buy a horse from Mr Kannemeyer, and so on. He did the same service to all those other men who came from America and Germany to collect. But he seldom gave any one an actual fossil. Broom was convinced that the Karroo was an inexhaustible source of fossils, that such things were constantly being washed out and as steadily being destroyed by weathering, by the trampling of animals, and so on. This loss seemed to Broom lamentable. It certainly occurs, but there is evidence that in general the rate of both the exposure of new fossils and destruction of those already exposed is much slower than Broom imagined. Broom hated the waste of fossils, and by encouraging collectors by giving their discoveries prompt publication did his best to reduce the loss. When, therefore, an Act was passed making it an offence to collect a fossil in South Africa except when in possession of a licence from competent authority, Broom reacted violently. He spoke and wrote against the Act and broke its provisions whenever possible in the most public manner. For years his letters were full of the enormities of this Act, and of the details of his campaign, and it became almost an obsession. The Act is, I understand, now repealed.
Broom's memory was extraordinary: he remembered all his life every fossil he had ever handled, he remembered where in his many hundreds of publica tions he had made any particular statement. He remembered casual remarks in letters sent to him, and minute features of farms from which a fossil had come. He had always available to his mind other people's papers about fossils, and he had a similar familiarity with the details of the history of South African postage stamps, and of the Bible. His mind was extremely quick to see the significance of any new fact of comparative anatomy, he would seize on it and build it up into a theory, old or new. And he was at all times prepared to abandon even favourite theories if shown that they were inadequate or untrue.
But he did not in his later years move with the times. The modern problems of the embryologist did not interest him, the old problems of comparative anatomy occupied his mind when they had long ceased to appeal to younger zoologists. But when, as in the case of the australopithecines, problems of this old-fashioned kind became important he applied his mind to them with the greatest enthusiasm and a success the greater because of his long familiarity with work of exactly the same nature.
Broom's work is thus essentially comparative anatomy: it is in essence an almost accidental fact that the materials he used were fossil and no longer living. In all of it he very seldom made use of the order of appearance of structures in time as a fundamental consideration in his speculations, and even less often does he draw side by side a series of bones in time order to illustrate the character and direction of evolutionary change.
Broom, as he himself says, was always an evolutionist but not a Darwinian. He never accepted natural selection as an effective mechanism, prefering some Lamarkian explanation. He says that ultimately he came near to the aged Alfred Russell Wallace. At a British Association meeting in 1931 he announced that evolution had come to its end. What exactly he meant by this statement was never clear; it may have been no more than that there was no vertebrate animal which could be expected to begin a course of evolutionary change which would in time enable its descendents to occupy man's place in the economy of nature. But from this conclusion Broom went on to claim that the end of physical evolution coming co-incidentally with man's appearance implied that the whole evolutionary process had been from its beginning devoted to the production of mankind. He therefore concluded that there must have been an original Creator who had such an end in view, and that this spirit was a lord amongst the independent spirits which inhabited every individual animal. Evolution was brought about by the direct action of these spirits on the chromo somes of the gametes produced by the animals in which they dwelt. Physical evolution having thus ended, the process continued on a higher plane, the great prophets of mankind, like Gandhi, now so rare, coming to be more and more abundant until the whole nature of man had altered for the better (the whole was developed in a book published in 1933).
This view was further strengthened in Broom's mind by his belief that his repeated discoveries of australopithecines very shortly after his exploration of a new cave were the result of a special act of providence in his favour, and as he himself states in his personal record this providence was shown especially by his successful opposition to the law regulating the collection of fossils, which he believed was intended to stop his work on Karroo reptiles. These views illustrate how seriously Broom regarded his scientific work as a sacred duty, to be given precedence over all other things. They explain his immense contempt for all men who hold official scientific positions and do less scientific work than he did, and the vigour and persistence of his reaction to those actions of the South African Government which he believed to interfere with his scientific work.
But Broom had other interests than science: when in practice at Douglas he was on several occasions mayor of the town, and in general he played his part in public affairs. As a medical man in practice he was evidently successful, devoted to keeping his patients in good health rather than 'making a great fortune by unnecessary operations'.
He always drew the illustrations to his papers, and probably from early training used a pencil with the greatest ease and accuracy. It is therefore not surprising that in 1916, when in the army, he began to try to paint pictures. He began with water colour 'and after a number of failures I got into the trick and was able to please myself. Then I tried oils. These I found much easier. I confined myself to portraits and sunsets. After I found I could paint fairly satisfactorily I seemed to lose interest, and have painted nothing for many years.' Broom's pictures are, in fact, lacking in composition and unpleasing in colour, very much less interesting than they might well have been.
But at about this time Broom began to collect pictures. He was then living uncomfortably in strange rooms in South London, chosen because the Dulwich picture gallery could easily be reached from them. Broom spent much time hunting for Dutch pictures in the small auction rooms in London. When he found one he liked he inspected it as he would a fossil, studying and registering in his mind the actual brushmarks of the artist. Then he immediately rushed off to Dulwich to compare the handiwork of some particular artist with the buyable picture. Broom's long experience with Karroo fossils was an admirable training for such expertise, and it is very possible that many of Broom's purchases are actually by the men to whom he attributed them. I am uncertain how far Broom derived aesthetic pleasure from pictures; he may have collected them, as he did postage stamps and other things, to satisfy a collector's instinct, and to exercise his abilities in a new field o f'Scholarship. I cannot recall any occasion on which he talked about pictures, music, the theatre or literature, a good indication that he was little interested in any of such things. His only game was chess.
Broom's scientific career was thus unlike that of any other man. He revolu tionized our knowledge in two fields of comparative anatomy, the first between the ages of thirty-four and forty-four, the second from the age of seventy to his death at eighty-five. And for the greater part of his life, for forty years, he made his living by the practice of medicine. His published papers are entirely unlike those of all his contemporaries, in every respect.
Thus recognition of his great abilities came slowly, the first important honour he received being the appointment as Croonian Lecturer in 1913. He was elected a Fellow of the Royal Society in 1920, and awarded a Royal Medal in 1928. He received honorary doctorates from the Universities of South Africa (1913) , Cape Town (1924) , Witwatersrand (1934) , Columbia (1937) , Stellen bosch (1946) and Glasgow (1949) . He was elected a Foreign Member of the Royal Academy of Sciences of Sweden, and of many other societies throughout the world. The National Academy of Washington gave him the Elliot Medal, and the Geological Society of London its highest award, the Wollaston Medal.
A volume of essays by his friends was published in commemoration of his eightieth birthday, and a bronze bust of Broom by Elsa Djomba was erected by the Union Government in the entrance hall of the National Museum in Pretoria, and unveiled in Broom's presence by General Smuts on 31 October 1941.
This short sketch of Broom's life and work is in part founded on his auto biographical personal record in the Society's archives, but this record is un reliable; it omits, for example, all reference to the first visit to New York in 1909 which led to the most important paper on reptiles Broom ever wrote. Quotations from the record where inserted in the present obituary are enclosed by inverted commas. A short sketch of Broom's life and personality by his colleague Austin Roberts will be found in the Broom Memorial Volume, and an admirable account of his life and work by Professor R. 
